Total RNA was extracted from the cells by using ISOGEN (Nippon Gene, Tokyo, Japan). RNA was then reverse-transcribed into cDNA by using High Capacity cDNA Reverse Transcription Kits (Applied Biosystems, Foster City, CA, USA) for RT-PCR. The real-time quantitative PCR analysis was performed on an EcoTM Real-Time PCR System (Illumina, Inc., San Diego, CA, USA) by using Power SYBR® Green PCR Master Mix (Applied Biosystems). The primers (GSK-3) for real-time PCR were synthesized and validated by Hokkaido System Science Co., Ltd (Hokkaido, Japan). Western blotting analysis; For the western blotting analysis, cells were collected, and protein concentration was determined by the BCA assay. Equal amounts of protein were separated by SDS-PAGE and transferred onto nitrocellulose membranes. The membranes were then blocked with Ez block chemi (ATTO Corporationan, Tokyo) and incubated by primary antibodies. Cleaved-PARP, Caspase-3, Caspase-9 and Cleaved-Caspase-9 (Cell Signaling Technology, Beverly, MA) were used as primary antibodies for detection of apoptosis. Then, The membranes were incubated by secondary antibodies and the blots were probed with the ECL system. Apoptosis Detection; For the assessment of apoptosis, the ApoStrand ELISA Apoptosis Detection Kit (Biomol, Plymouth Meeting, PA) which detects single-stranded DNA was used. Cells were seeded in 96-well cell culture plates in culture medium with 10% FBS. After 24h, the medium was refreshed with 1% FBS containing SB216763 in the indicated concentrations. After 24h, the medium was removed and the cells were fixed for 30 min and assayed according to the manufacturer's instructions. Morphological analysis; Cells were seeded and treated with GSK-3 inhibior for 24h, apoptotic cells were evaluated. Cells were then incubated with Annexin-V-FITC and PI using Annexin-V-Fluos Staining Kit (Roche Applied Science, Penzberg, Germany) for 15 min in a dark room according to the manufacturer's recommendations. Stained cells were observed under a fluorescence microscope. Results: GSK-3 inhibitor inhibited cell proliferation of osteosarcoma cell lines; SB216763 showed a dose-and time-dependent inhibitory effect on all cell lines. SB216763 inhibited cell proliferation of all cell lines at a concentration of 50M to less than 50% of control cell viability for 48h (Figure 1 ). Real-time PCR; mRNA expression of GSK-3 was evaluated in OS cells and other benign tumor cells. The expression of GSK-3 in OS cells was increased compared with benign tumor cells. Western blotting; Western blotting analysis revealed that Cleaved-PARP, Caspase-3, Caspase-9 and Cleaved-Caspase-9 protein expression levels were increased dose-dependent by SB216763 in MG63 cells. These proteins are particular marker for apoptosis (Figure 2) . Apoptosis Detection; Apoptotic cells was detected dose-dependently by SB216763 in all cell lines. Fluorescent microscopy images; We used Annexin-V and PI to detect apoptotic cells. Annexin-V is a marker for early apoptosis, and PI is a marker for late apoptosis and necrosis. Annexin-V positive cells were increased by SB216763 treatment in all osteosarcoma cell lines (Figure 3) .
Discussion:
In this study, we demonstrated that GSK-3 activity is positively associated with clonogenicity and tumorigenicity and is critical for cell survival in osteosarcoma. We found that GSK-3 inhibitor inhibited the proliferation of osteosarcoma cell lines in a dose -and time -dependent manner. GSK-3 inhibitor induced apoptosis to all osteosarcoma cell lines. Fluorescent staining as well as Annexin V/PI analysis both showed a strong apoptosis-inducing effect of the compound. These results indicate that the anti-tumor activity of GSK-3 inhibitor in osteosarcoma cells is due to a G2/M arrest and apoptosis. GSK-3 signaling pathway is closely related to Wnt and Hedgehog pathway. So those pathways may affect the antitumor effect and the apoptosis induction. We conclude that therapeutic targeting of the GSK-3 pathways may be a promising strategy to enhance the therapeutic activity of anticancer drugs against osteosarcoma. Significance: This study is very important because of evaluating the role of GSK-3 signaling pathway in human osteosarcoma cells. Therapeutic targeting of the GSK-3 pathways may be a promising strategy to enhance the therapeutic activity of anticancer drugs against osteosarcoma.
